EUROPEAN ORGANISATION FOR NUCLEAR RESEARCH (CERN) 





CERN-PH-EP-201 2-280 
Submitted to: Phys. Lett. B 



A search for high-mass resonances decaying to r+r in pp 
collisions at i/i = 7 TeV with the ATLAS detector 



The ATLAS Collaboration 



Abstract 



This Letter presents a search for high-mass resonances decaying into r+r" final states using 
proton-proton collisions at ^ = 7 TeV produced by the Large Hadron Collider. The data were 
recorded with the ATLAS detector and correspond to an integrated luminosity of 4.6 fb^^ No sta- 
tistically significant excess above the Standard Model expectation is observed; 95% credibility upper 
limits are set on the cross section times branching fraction of Z' resonances decaying into r+r" pairs 
as a function of the resonance mass. As a result, Z' bosons of the Sequential Standard Model with 
masses less than 1 .40 TeV are excluded at 95% credibility. 
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1. Introduction 

Many extensions of the Standard Model (SM), moti- 
vated by grand unification, predict additional heavy gauge 
bosons [1-6]. As lepton universality is not necessarily a 
requirement for these new gauge bosons, it is essential to 
search in all decay modes. In particular, some models with 
extended weak or hypercharge gauge groups that offer an 
explanation for the high mass of the top quark predict 
that such bosons preferentially couple to third-generation 
fermions [7]. 

This Letter presents the first search for high-mass res- 
onances decaying into r+r^ pairs using the ATLAS de- 
tector [8]. The Sequential Standard Model (SSM) is a 
benchmark model that contains a heavy neutral gauge bo- 
son, ^ggM, with the same couplings to fermions as the Z 
boson of the SM. This model is used to optimise the event 
selection of the search; limits on the cross section times 
T+r^ branching fraction of a generic neutral resonance 
are reported. 

Direct searches for high-mass ditau resonances have 
been performed previously by the CDF [9] and CMS [10] 
collaborations. The latter search sets the most stringent 
95% confidence level limits and excludes ^ggM masses be- 
low 1.4 TeV, with an expected limit of 1.1 TeV, using 
4.9 fb^^ of integrated luminosity at ^/s = 7 TeV. Indi- 
rect limits on Z' bosons with non-universal flavour cou- 
plings have been set using measurements from LEP and 
LEP II [11] and translate to a lower bound on the Z' 
mass of 1.09 TeV. For comparison, the most stringent lim- 
its on Z'ggj^ in the dielectron and dimuon decay channels 
combined are 2.2 TeV from ATLAS [12] and 2.3 TeV from 
CMS [13]. 

Tau leptons can decay into a charged lepton and two 
neutrinos (ricp = or r^), or hadronically (rhad); predom- 
inantly into one or three charged pions, a neutrino and of- 



ten additional neutral pions. The Thad'T'had (branching ra- 
tio, BR=42%), T^Thad (BR=23%), t^ty^m (BR=23%) and 
TeT^ (BR=6%) channels are analysed. Due to the different 
dominant background contributions and signal sensitivi- 
ties, each channel is analysed separately and a statistical 
combination is used to maximise the sensitivity. 

While the expected natural width of the .^gg^ is small, 
approximately 3% of the Z' mass, the mass resolution is 
30-50% in T+r~ decay modes due to the undetected neu- 
trinos from the tau decays. Therefore, a counting experi- 
ment is performed in all analysis channels from events that 
pass a high-mass requirement. 

2. Event samples 

The data used in this search were recorded with the 
ATLAS detector in proton-proton (pp) collisions at a centre- 
of-mass energy of ^/s = 7 TeV during the 2011 run of the 
Large Hadron Colhder (LHC) [14]. The ATLAS detec- 
tor consists of an inner tracking detector surrounded by a 
thin superconducting solenoid, electromagnetic (EM) and 
hadronic calorimeters, and a muon spectrometer incorpo- 
rating large superconducting toroid magnets. Each subde- 
tector is divided into barrel and end-cap components. 

Only data taken with pp collisions in stable beam con- 
ditions and with all ATLAS subsystems operational are 
used, resulting in an integrated luminosity of 4.6 fb~^. 
The data were collected using a combination of single- 
tau and ditau triggers, designed to select hadronic tau 
decays, and single-lepton triggers. The ThadThad channel 
uses events passing either a ditau trigger with transverse 
energy (Et) thresholds of 20 and 29 GeV, or a single-tau 
trigger with an Et threshold of 125 GeV. The r^Thad and 
TeTfj, channels use events passing a single-muon trigger with 
a transverse momentum (px) threshold of 18 GeV, which 
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is supplemented by accepting events that pass a single- 
muon trigger with a px threshold of 40 GeV that operates 
only in the barrel region but does not require a match- 
ing inner detector track. The TeThad channel uses events 
passing a single-electron trigger with thresholds in the 
range 20-22 GeV, depending on the data-taking period. 
Events that pass the trigger are selected if the vertex with 
the largest sum of the squared track momenta has at least 
four associated tracks, each with px > 0.5 GeV. 

Monte Carlo (MC) simulation is used to estimate signal 
efficiencies and some background contributions. MC sam- 
ples of background processes from M^-t-jets and Z/7*-|-jets 
(enriched in high- mass Zj^* — > tt) events are gener- 
ated with ALPGEN 2.13 [15], including up to five addi- 
tional partons. Samples of tt, Wt and diboson {WW, 
WZ, and ZZ) events are generated with MCONLO 4.01 [16, 
17]. For these MC samples, the parton showering and 
hadronisation is performed by HERWIG 6.520 [18] inter- 
faced to JIMMY 4.31 [19] for multiple parton interac- 
tions. Samples of s-channel and i-channel single top- 
quark production are generated with AcerMC 3.8 [20], 
with the parton showering and hadronisation performed 
by PYTHIA 6.425 [21]. Samples of Zggj^ signal events are 
generated with PYTHIA 6.425, for eleven mass hypothe- 
ses ranging from 500 to 1750 GeV in steps of 125 GeV. In 
all samples photon radiation is performed by PHOTOS [22] , 
and tau lepton decays are generated with TAUOLA [23]. 
The choice of parton distribution functions (PDFs) de- 
pends on the generator: CTEQ6L1 [24] is used with ALPGEN, 
CTIO [25] with MCONLD and MRST2007 LD* [26] with PYTHIA 
and AcerMC. 

The Zf-f* cross section calculated at next-to- next-to- 
leading order (NNLO) using PHOZPR [27] with MSTW2008 
PDFs [28] is used to derive mass-dependent X-factors that 
are applied to the leading order Z/j*+icts and Z' — >■ rr 
cross sections. The M^+jets cross section is calculated at 
NNLO using FEWZ 2 . [29, 30]. The ti cross section is cal- 
culated at approximate NNLO [31-33]. The cross sections 
for single-top production are calculated at next-to-next-to- 
leading-logarithm for the s-channel [34] and approximate 
NNLO for ^-channel and Wt production modes [35]. 

The detector response for each MC sample is simulated 
using a detailed GEANT4 [36] model of the ATLAS detector 
and subdetector-specific digitisation algorithms [37]. As 
the data are affected by the detector response to multiple 
pp interactions occurring in the same or in neighbouring 
bunch crossings (referred to as pile- up), minimum-bias in- 
teractions generated with PYTHIA 6 . 425 (with a specific 
LHC tune [38]) are overlaid on the generated signal and 
background events. The resulting events are re-weighted 
so that the distribution of the number of minimum-bias 
interactions per bunch crossing agrees with data. All sam- 
ples are simulated with more than twice the effective lu- 
minosity of the data, except Ty+jcts, where an equivalent 
of approximately 1.5 fb^^ is simulated. 



3. Physics object reconstruction 

Muon candidates are reconstructed by combining an 
inner detector track with a track from the muon spec- 
trometer. They are required to have pt > 10 GeV and 
\rj\ < 2.5^. Muon quality criteria are applied in order to 
achieve a precise measurement of the muon momentum 
and reduce the misidentification rate [39]. These qual- 
ity requirements correspond to a muon reconstruction and 
identification efficiency of approximately 95%. 

Electrons are reconstructed by matching clustered en- 
ergy deposits in the EM calorimeter to tracks recon- 
structed in the inner detector [40] . The electron candidates 
are required to have px > 15 GeV and to be within the 
fiducial volume of the inner detector, {rjl < 2.47. The tran- 
sition region between the barrel and end-cap EM calorime- 
ters, with 1.37 < [ry[ < 1.52, is excluded. The candidates 
are required to pass quality criteria based on the expected 
calorimeter shower shape and amount of radiation in the 
transition radiation tracker. These quality requirements 
correspond to an electron identification (ID) efficiency of 
approximately 90%. Electrons and muons are considered 
isolated if they are away from large deposits of energy in 
the calorimeter, or tracks with large px consistent with 
originating from the same vertex^. In the rgThad chan- 
nel, isolated electrons are also required to pass a tighter 
identification requirement corresponding to an efficiency 
of approximately 80%. 

Jets are reconstructed using the anti-fct algorithm [41, 
42] with a radius parameter value of 0.4. The algorithm 
uses reconstructed, noise-suppressed clusters of calorime- 
ter cells [43]. Jets are calibrated to the hadronic energy 
scale with correction factors based on simulation and val- 
idated using test-beam and collision data [44]. All jets 
are required to have pr > 25 GeV and [77[ < 4.5. For jets 
within the inner detector acceptance ([?7[ < 2.4), the jet 
vertex fraction is required to be at least 0.75; the jet ver- 
tex fraction is defined as the sum of the px of tracks as- 
sociated with the jet and consistent with originating from 
the selected primary vertex, divided by the sum of the 
Px of all tracks associated with the jet. This requirement 
reduces the number of jets that originate from pile-up or 



^ ATLAS uses a right-handed coordinate system with its origin at 
the nominal interaction point (IP) in the centre of the detector and 
the 2-axis along the beam pipe. The x-axis points from the IP to the 
centre of the LHC ring, and the jy-axis points upward. Cylindrical 
coordinates (r, rp) are used in the transverse plane, ij> being the az- 
imuthal angle around the beam pipe. The pseudorapidity is defined 
in terms of the polar angle 6 as rj = — lntan(^?/2). Separation in the 
ri-(j) plane is defined as AR = (Ar;)^ + (A(f))^. 

Lepton isolation is defined using the sum of the Et deposited 
in calorimeter cells within AB. < 0.2 of the lepton, E^^^, and the 
scalar sum of the px of tracks with px > 0-5 GeV consistent with 
the same vertex as the lepton and within A_R < 0.4, p!^*. Muons are 
considered isolated if they have E^^ /pT < 4% (and p!^*/px < 6% 
in the TeT^ channel). Isolated electrons must have p!J,'*/px < 5% 
and E5,-2/pt < 5% if Pt < 100 GeV or E°-^ < 5 GeV otherwise 
(BO-2/pt < 6% and p'^^/pt < 8% in the Tf,T^ channel). 
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are heavily contaminated by it. Events are discarded if a 
jet is associated with out-of-time activity or calorimeter 
noise [45]. 

Candidates for hadronic tau decays are defined as jets 
with either one or three associated tracks reconstructed in 
the inner detector. The kinematic properties of the tau 
candidate are reconstructed from the visible tau lepton 
decay products (all products excluding neutrinos). The 
tau charge is reconstructed from the sum of the charges 
of the associated tracks and is required to be ±1. The 
charge misidentification probability is found to be negligi- 
ble. Hadronic tau decays are identified with a multivari- 
ate algorithm that employs boosted decision trees (BDTs) 
to discriminate against quark- and gluon-initiated jets us- 
ing shower shape and tracking information [46]. Working 
points with a tau identification efficiency of about 50% 
(medium) for the r^Thad and TeThad channels and 60% 
(loose) for the Thad'''had channel are chosen, leading to a 
rate of false identification for quark- and gluon-initiated 
jets of a few percent [47]. Tau candidates are also required 
to have pt > 35 GeV and to be in the fiducial volume of 
the inner detector, \r]\ < 2.47 (the EM calorimeter transi- 
tion region is excluded). In the TiepThad channels, tau can- 
didates are required to have only one track, which must 
not be in the range |?7| < 0.05, and to pass a muon veto. 
The removed pseudorapidity region corresponds to a gap 
in the transition radiation tracker that reduces the power 
of electron/pion discrimination. In the TeThad channel, tau 
candidates are also required to pass an electron veto using 
BDTs. 

Geometric overlap of objects with AR < 0.2 is resolved 
by selecting only one of the overlapping objects in the fol- 
lowing order of priority: muons, electrons, tau candidates 
and jets. The missing transverse momentum (with magni- 
tude E^^^^) is calculated from the vector sum of the trans- 
verse momenta of all high-pT objects reconstructed in the 
event, as well as a term for the remaining activity in the ca- 
lorimeter [48]. Clusters associated with electrons, hadronic 
tau decays and jets are calibrated separately, with the re- 
maining clusters calibrated at the EM energy scale. 

4. Event selection 

Selected events in the ThadThad channel must con- 
tain at least two oppositely-charged tau candidates with 
Pt > 50 GeV and no electrons with pT > 15 GeV or muons 
with pt > 10 GeV. If the event was selected by the ditau 
trigger, both tau candidates are required to be geometri- 
cally matched to the objects that passed the trigger. For 
events that pass only the single-tau trigger there is no am- 
biguity, so trigger matching is not required. If multiple 
tau candidates are selected, the two highest-px candidates 
are chosen. The angle between the tau candidates in the 
transverse plane must be greater than 2.7 radians. 

Selected events in the TicpThad channels must contain 
exactly one isolated muon with pT > 25 GeV or an isolated 
electron with px > 30 GeV; no additional electrons with 



Pt > 15 GeV or muons with px > 4 GeV; and exactly one 
tau candidate with px > 35 GeV. The angle between the 
lepton and tau candidate in the transverse plane must be 
greater than 2.7 radians, and the pair must have opposite 
electric charge. 

For the TgThad channel, the Z — > ee and multijet con- 
tributions are reduced to a negligible level by requiring 
E™''''' > 30 GeV. The W^-l-jets background is suppressed 
by requiring the transverse mass, mx, of the electron- i?™"'" 
system, defined as 

mx = ^2pTeE^^''(l - cos A(/>) , (1) 

where A0 is the angle between the lepton and £'^'^^ in the 
transverse plane, to be less than 50 GeV. 

Selected events in the TgT^ channel must contain 
exactly one isolated muon with px > 25 GeV and one 
isolated electron with px > 35 GeV and opposite elec- 
tric charge, no additional electrons with px > 15 GeV or 
muons with px > 10 GeV and not more than one jet. The 
jet requirement suppresses ti events, which typically have 
higher jet multiplicity than the signal. The two leptons are 
required to be back-to-back in the transverse plane using 
the criterion p^''^ < 10 GeV, with 

Pr=PTe-C+PTf.-C (2) 

where C is a unit vector along the bisector of the e and 
^ momenta. This selection provides good suppression of 
the diboson and tt backgrounds. For Z' events, the E^^^^ 
tends to point away from the highest-px lepton, so the an- 
gle between the highest-px lepton and E^^^^ in the trans- 
verse plane is required to be greater than 2.6 radians. 

The search in all channels is performed by counting 
events in signal regions with total transverse mass above 
thresholds optimised separately for each signal mass hy- 
pothesis in each channel to give the best expected exclu- 
sion limits (see Table 1). The total transverse mass, m^*, 
is defined as the mass of the visible decay products of both 
tau leptons and iJ™"''', neglecting longitudinal momentum 
components and the tau lepton mass, 

m^°' = 2pxiPx2C + 2E;}'''^^ptiCi + 2Ef''^^pT2C2 , (3) 

where pxi and px2 are the transverse momenta of the 
visible products of the two tau decays; C is defined as 
1 — cos A0, where A0 is the angle in the transverse plane 
between the visible products of the two tau decays; and 
Ci and C2 are defined analogously for the angles in the 
transverse plane between E^^^^ and the visible products 
of the first and second tau decay, respectively. Figs. 1(a)- 
(d) show the m!^* distribution after event selection in each 
channel. 

5. Background estimation 

The dominant background processes in the ThadThad 
channel are multijet production and Z/^* — >■ tt. A minor 
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Figure 1: The ml^* distribution after event selection in each channel: (a) riiadThadi (b) TpTjiadi (c) TeTjiad and (d) TeT^. The estimated 
contributions from SM processes are stacked and appear in the same order as in the legend. A Zggj^ signal and the events observed in data 
are overlaid. The signal mass point closest to the Z'^^y^ exclusion limit in each channel is chosen and is indicated in parentheses in the legend 
in units of GeV. The uncertainty on the total estimated background (hatched) includes only the statistical uncertainty from the simulated 
samples. The visible decay products of hadronically decaying taus are denoted by Tij^d-vis- 
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Table 1: Thresholds on mjj?* used for each signal mass point in each 
channel. All values are given in GeV. 



contribution conies from W{-^ Ti/)+jets. Contributions 
from tt)+jets = e or /i), i!z/)+jets, tt, single 

top-quark and diboson production are collectively referred 
to as others. The shape of the multijet mass distribution 
is estimated from data that pass the full event selection 
but have two tau candidates of the same electric charge. 
The contribution is normalised to events that pass the full 



event selection but have low mi^'. All other background 
contributions are estimated from simulation. 

The main background contributions in the TicpThad 
channels come from Zf-f* — s- rr, W^+jets, tt and diboson 
production, with minor contributions from €^)-|-jets, 
multijet and single top-quark events. The contributions 
involving fake hadronic tau decays from multijet and 
M^-|-jets events are modelled with data-driven techniques 
involving fake factors, which parameterise the rate for lep- 
ton candidates in jets to pass lepton isolation or jets to 
pass tau identification, respectively. The remaining back- 
ground is estimated using simulation. 

The dominant background processes in the TeT^ chan- 
nel are tt, Z/j* — >■ rr and diboson production. Contri- 
butions from processes such as Z{-^ fj.fi)+jets, W^-|-jets 
and VF7-|-jets, where a jet or photon is misidcntificd as 
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an electron, are very small in the signal region. Multi- 
jet events are suppressed by tight lepton isolation criteria. 
Since background processes involving fake leptons make 
only minor contributions, all background contributions in 
the TeT^ channel are estimated using simulation. The MC 
estimates of the dominant background contributions are 
checked using high-purity control regions in data. 

The following subsections describe the data-driven back- 
ground estimates in more detail. 

5.1. Multijet background in the ThadTiiad channel 

The shape of the m!^' distribution for the multijet 
background is estimated using events that pass the stan- 
dard event selection, but have two selected Thad candidates 
with the same electric charge and with m^* > 200 GeV to 
avoid the low mJ,?* region which is affected by the tau pt 
threshold. For a low-mass signal with mz' < 625 GeV, a 
lower bound of 160 GeV is used, as discussed below. This 
control region has only 2% contamination from other back- 
ground processes and negligible signal contamination. The 
mJ|?* distribution is modelled by performing an unbinned 
maximum likelihood fit to the data in the control region 
using the following function: 

where po, pi and p2 are free parameters. The integral 
of the fitted function in the high-mass tail matches the 
number of observed events well for any choice of the 
threshold, and the function models the high-mass 
tail well in a simulated dijet sample enriched in high- 
mass events. The statistical uncertainty is estimated us- 
ing pseudo-experiments and increases monotonically from 
12% to 83% with increasing m!j?* threshold. The sys- 
tematic uncertainty due to the choice of the fitting func- 
tion is evaluated using alternative fitting functions and 
ranges from 1% to 7%. The multijet model is nor- 
malised to data that pass all analysis requirements but 
have mtf^ in the range 200-250 GeV. For the low-mass 
points with mz' < 625 GeV, the low-mi^* side-band is low- 
ered to 160-200 GeV to keep signal contamination negli- 
gible. Both side-bands have a maximum contamination of 
5% from other background processes, which is subtracted, 
and negligible contamination from signal. The statistical 
uncertainty from the normalisation ranges from 2% to 5%. 
Systematic uncertainties affecting the normalisation of the 
background processes are propagated when performing the 
subtraction but have a negligible effect. 

5.2. Multijet background in the riopThad channels 

The background from multijet events is negligible at 
high mJ|?', but it is important to estimate its contribution 
to model the inclusive mass distribution. Multijet events 
are exceptional among the background processes because 
the muons and electrons produced in heavy-flavour decays 
or the light-fiavour hadrons falsely identified as electrons, 
are typically not isolated in the calorimeter but produced 



in jets. To estimate the multijet background, events in 
the data that fail lepton isolation are weighted event-by- 
event, with fake factors for lepton isolation measured from 
data in a multijet-rich control region (multijet-CR) . The 
multijet-CR is defined by requiring exactly one selected 
lepton, as in Section 4, but without the isolation require- 
ment; at least one tau candidate that fails the BDT ID and 
none that pass; E^^^^ < 15 GeV for the r^Thad channel, 
^miss ^ 3Q £qj. TeThad channel; and the transverse 
mass formed by the lepton and i?™"^*^, mxC^, to be 

less than 30 GeV. For the r^Thad channel, where the mul- 
tijet contribution is dominated by 6-quark-initiated jets, 
the muon is additionally required to have a transverse im- 
pact parameter of |do(/x)| > 0.08 mm with respect to the 
primary vertex, which increases the purity of the multijet 
control region. The leptons in the multijet control region 
are divided into those that pass (isolated) and a subset 
that fail (anti-isolated) the isolation requirements. In the 
T^Thad channel the anti-isolated sample includes all muons 
that fail isolation, while in the TeThad channel, the anti- 
isolation requirement is tightened to reduce contamination 
from real isolated electrons. Isolation fake factors, /iso, are 
defined as the number of isolated leptons in the data, iV'™, 
divided by the number of anti-isolated leptons, jV'*'^''~"*°, 
binned in p^ and r]: 



iV-°(pT,77) 



iV''"""'«°(pT,f?) 



(5) 



multijet — CR 



Contamination from real isolated leptons is estimated us- 
ing simulation and subtracted from N^^° (^3% for TeThad 
and ~25% for TgThad)- The number of multijet events pass- 
ing lepton isolation, A^muitijet, is predicted by weighting the 
events with anti-isolated leptons by their fake factor: 

A^multijet(PT,?7,a;) = fisoiPT.V) 

X («r°(PT, V, ^) - A^MC"^°(PT, V, x)) . (6) 

The shape of the multijet background in a given kinematic 
variable, x, is modelled from the events in the data with 
anti-isolated leptons, ^data""'°' corrected by subtracting 
the expected contamination from other background pro- 
cesses predicted with MC simulation, N^^^^^^°. 

This method assumes that the ratio of the number of 
isolated leptons to the number of anti-isolated leptons in 
multijet events is not strongly correlated with the require- 
ments used to enrich the multijet control sample. This 
assumption has been verified by varying the i?™'^*' and do 
selection criteria used to define the multijet control region. 
A conservative 100% systematic uncertainty on the isola- 
tion fake factor is assumed, but this has negligible effect on 
the sensitivity because the expected multijet background 
is less than a percent of the total background in both the 
TeThad and TeThad chanucls. 

5.3. W+jets background in the TicpThad channels 

The M^-f-jets background is estimated using a technique 
similar to the multijet estimate, where tau candidates that 
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fail the BDT ID are weighted evcnt-by-evcnt with fake fac- 
tors for jets to pass the BDT ID in ly+jets events. A high 
purity W^+jets control region (W-CR) is defined by se- 
lecting events that have exactly one isolated lepton, as in 
Section 4; at least one tau candidate that is not required 
to pass the BDT ID; and tot(^, -Ef?'"") between 70 and 
200 GeV. For the TeThad channel, the tau candidate is ad- 
ditionally required to pass the electron veto. Tau ID fake 
factors, /,-, are defined as the number of tau candidates 
that pass the BDT ID, TVP^"" divided by the number 

that fail, iV^^'' '^-^^^ binned in px and 77: 



ass r — ID 



-ID 



iPT,v) 



(7) 



W-CR 



The number of Vt^-fjets events passing the BDT ID, 
Nw +jcts, is predicted by weighting the events that fail the 
BDT ID by their fake factor: 

- ^t'ltlM^bT, V, ^) - ^-^°(PT, r?, x)) . (8) 



The shape of the H^-l-jets background is modelled using 
events in the data that failed the BDT ID, iVdata^"™- 
with the multijet contamination, N^^^^^^r^^ (estimated 

from data), and other contamination, -^mc ^^^^ (esti- 
mated from simulation), subtracted. 

A 30% systematic uncertainty on the fake factors is as- 
signed by comparing the fake factors to those measured in 
a data sample enriched in Z-|-jets instead of VF-|-jets, which 
provides a sample of jets with a similar quark/giuon frac- 
tion [49]. This background estimation method relies on 
the assumption that the tau identification fake factors for 
VF-|-jets events are not strongly correlated with the se- 
lection used to define the M^+jcts control region. This 
assumption has been verified by varying the mx selection 
criterion used to define the VF-f jets control region, result- 
ing in a few percent variation, which is well within the 
systematic uncertainty. 



6. Systematic uncertainties 

Systematic effects on the contributions of signal and 
background processes estimated from simulation are dis- 
cussed in this section. These include theoretical uncer- 
tainties on the cross sections of simulated processes and 
experimental uncertainties on the trigger, reconstruction 
and identification efficiencies; on the energy and momen- 
tum scales and resolutions; and on the measurement of the 
integrated luminosity. For each source of uncertainty, the 
correlations across analysis channels, as well as the cor- 
relations between signal and background, are taken into 
account. Uncertainties on the background contributions 
estimated from data have been discussed in their respec- 
tive sections. 



The overall uncertainty on the Z' signal and the 
Z/7* — >■ rr background due to PDFs, as and scale varia- 
tions is estimated to be 12% at 1.5 TeV, dominated by the 
PDF uncertainty [12]. The uncertainty is evaluated us- 
ing PDF error sets, and the spread of the variations covers 
the difference between the central values obtained with the 
CTEQ and MSTW PDF sets. Additionally, for Z/7* tt, a 
systematic uncertainty of 10% is attributed to electroweak 
corrections [50] . This uncertainty is not considered for the 
signal as it is strongly model-dependent. An uncertainty 
of 4-5% is assumed for the inclusive cross section of the 
single gauge boson and diboson production mechanisms 
and a relative uncertainty of 24% is added in quadrature 
per additional jet, due to the irreducible Berends-scaling 
uncertainty [51, 52]. For tt and single top-quark produc- 
tion, the QCD scale uncertainties are in the range of 3- 
6% [35, 53, 54]. The uncertainties related to the proton 
PDFs, including those arising from the choice of PDF set, 
amount to 8% for the predominantly gluon-initiated pro- 
cesses such as tt and 4% for the predominantly quark- 
initiated processes at low mass, such as on-shcll single 
gauge boson and diboson production [25, 28, 55-57]. 

The uncertainty on the integrated luminosity is 3.9% [58, 
59]. The efficiencies of the electron, muon and hadronic 
tau triggers are measured in data and are used to correct 
the simulation. The associated systematic uncertainties 
are typically 1-2% for electrons and muons, 2.5% for the 
ditau trigger and 5% for the high-px single-tau trigger. 
Differences between data and simulation in the reconstruc- 
tion and identification efficiencies of electrons, muons, and 
hadronic tau decays arc taken into account, as well as the 
differences in the energy and momentum scales and reso- 
lutions. The associated uncertainties for muons and elec- 
trons are typically <1%. 

The systematic uncertainties on the identification effi- 
ciency of hadronic tau decays are estimated at low px from 
data samples enriched in W ^ tv and Z — > rr events. At 
high px, there are no abundant sources of real hadronic 
tau decays to make an efficiency measurement. Rather, 
the fraction of jets that pass the tau identification is stud- 
ied in high-px dijet events as a function of the jet pxj 
which indicates that there is no degradation in the mod- 
elling of the detector response as a function of the px of 
tau candidates. From these studies, an efficiency uncer- 
tainty of up to 8% is assigned to high-px tau candidates. 
The uncertainty on the jet-to-tau misidentification rate 
is 50%, determined from data-MC comparisons in VF-|-jet 
events. The uncertainty on the electron-to-tau misidenti- 
fication rate is 50-100%, depending on the pseudorapidity 
of the tau candidate, based on measurements made using 
a Z — > ee sample selected from data [47]. The energy 
scale uncertainty on taus and jets is evaluated based on 
the singlc-hadron response in the calorimeters [44, 60] . In 
addition, the tau energy scale is validated in data samples 
enriched in Z —> rr events. The systematic uncertainties 
related to the jet and tau energy scale and resolution are 
functions of 77 and px, and are generally near 3%. These 
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uncertainties are treated as fully correlated. Energy scale 
and resolution uncertainties on all objects are propagated 
to the E!^^^^ calculation. The uncertainty on the E!^^^^ due 
to clusters that do not belong to any reconstructed object 
is negligible in all channels. 

Table 2 summarises the systematic uncertainties in each 
channel. The dominant uncertainties on the background 
come from the multijet shape estimation and the tan en- 
ergy scale uncertainty for Z/j* — )■ rr events in the ThadT'had 
channel, from the limited sample size and the fake factor 
estimate of the VF+jets background in the TiepThad chan- 
nels and from the statistical uncertainty of the MC samples 
in the TeT^i channel. The dominant uncertainty on the sig- 
nal for the ThadThad and riopThad channels comes from the 
tan identification efficiency and for the TeT^ channel, from 
the statistical uncertainty on the MC samples. 



Uncertainty [%] 




Sig 


:nal 




Background 




hh 


jjh 


eh 


efi 


hh /ih eh efj, 


Stat, uncertainty 


1 


2 


2 


3 


5 20 23 7 


Eff. and fake rate 


16 


10 


8 


1 


12 16 4 3 


Energy scale and res. 


5 


7 


6 


2 


til 3 8 5 


Theory cross section 


8 


6 


6 


5 


9 4 4 5 


Luminosity 


4 


4 


4 


4 


2 2 2 4 


Data-driven methods 










til 6 16 - 



Table 2: Uncertainties on the estimated signal and total back- 
ground contributions in percent for each channel. The following sig- 
nal masses, chosen to be close to the region where the limits are set, 
are used: 1250 GeV for ThadThad (hh); 1000 GeV for r^r^ad (/^h) and 
TeTjiad (^h); and 750 GeV for TeT^ (e/^)- A dash denotes that the un- 
certainty is not applicable. The statistical uncertainty corresponds 
to the uncertainty due to limited sample size in the MC and control 
regions. 



7. Results and discussion 

The numbers of observed and expected events includ- 
ing their total uncertainties, after the full selection in all 
channels, are summarised in Table 3. In all cases, the 
number of observed events is consistent with the expected 
Standard Model background. Therefore, upper limits are 
set on the production of a high-mass resonance decaying 
to T~^T~ pairs. 

The statistical combination of the channels employs a 
likelihood function constructed as the product of Poisson 
probability terms describing the total number of events 
observed in each channel. The Poisson probability in each 
channel is evaluated for the observed number of data events 
given the signal plus background expectation. Systematic 
uncertainties on the expected number of events are incor- 
porated into the likelihood via Gaussian-distributed nui- 
sance parameters. Correlations across channels are taken 
into account. A signal strength parameter multiplies the 
expected signal in each channel, for which a positive uni- 
form prior probability distribution is assumed. Theoretical 
uncertainties on the signal cross section are not included 



in the calculation of the experimental limit as they are 
model-dependent . 

Bayesian 95% credibility upper limits are set on the 
cross section times branching fraction for a high-mass res- 
onance decaying into a t^t~ pair as a function of the 
resonance mass, using the Bayesian Analysis Toolkit [61]. 
Figs. 2(a) and 2(b) show the limits for the individual chan- 
nels and for the combination, respectively. The resulting 
95% credibility lower limit on the mass of a .^gSM decay- 
ing to r+r^ pairs is 1.40 TeV, with an expected limit of 
1.42 TcV. The observed and expected limits in the in- 
dividual channels are, respectively: 1.26 and 1.35 TeV 
(ThadThad); 1-07 and 1.06 TeV (r^Thad); 1.10 and 1.03 TeV 
(T-eThad); and 0.72 and 0.82 TeV (re^). 

The impact of the choice of the prior on the signal 
strength parameter has been evaluated by also considering 
the reference prior [62] . Use of the reference prior improves 
the mass limits by approximately 50 GeV. The impact 
of the vector and axial coupling strengths of the Z' has 
been investigated, as these can alter the fraction of the 
tau momentum carried by the visible decay products. For 
purely V — A couplings, the limit on the cross section times 
T~^T~ branching fraction is improved by ^10% over the 
mass range. For purely V + A couplings, there is a mass- 
dependent degradation, from ^15% at high mass to ~40% 
at low mass. All variations lie within the la band of the 
expected exclusion limit. 

8. Conclusion 

A search for high-mass ditau resonances has been per- 
formed using 4.6fb-i of data collected with the ATLAS 
detector in pp collisions at ^/s = 7 TeV at the LHC. The 
ThadThad, T^Thad, TgThad and TeT^ channels are analysed. 
The observed number of events in the high-transverse-mass 
region is consistent with the SM expectation. Limits are 
set on the cross section times branching fraction for such 
resonances. The resulting lower limit on the mass of a 
Z' decaying to t+t~ in the Sequential Standard Model 
is 1.40 TeV at 95% credibility, in agreement with the ex- 
pected limit of 1.42 TeV in the absence of a signal. 
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Table 3: Number of expected and observed events in selected signal regions for each analysis channel. The expected contribution from the 
signal and background in each channel is calculated for the signal mass point closest to the Z'^^-^ exclusion limit. The total uncertainties 
on each estimated contribution arc showrn. The signal efficiency denotes the expected number of signal events divided by the product of the 
production cross section, the ditau branching fraction and the integrated luminosity, a{pp — > Z'^gj^,^) X BR(Zggj^ — > tt) x J Ldt. 
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Figure 2: (a) The expected (dashed) and observed (solid) 95% credibility upper limits on the cross section times r+r" branching fraction, in 
the TijadThadi TfjThadi TeThad TeT^ channels and for the combination. The expected Z'^^y^ production cross section and its corresponding 
theoretical uncertainty (dotted) are also included, (b) The expected and observed limits for the combination including Icr and 2a uncertainty 
bands. Z'^ay^ masses up to 1.40 TeV are excluded, in agreement with the expected limit of 1.42 TeV in the absence of a signal. 
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A. Artamonov^s, G. Artoni"2a432b^ Arutinov^i, S. Asail5^ S. Ask^^, B. Asinan"6a,i46b^ Asquith^, 

K. Assamagan^^^'', A. Astbury^'^'', M. Atkinson^'^s^ g_ Aubert^, E. Auge"^, K. Augsten^^'', M. Aurousseau^"'^'", 

G. Avolio^o, R. Avramidoui", D. Axcni^^, G. Azuelos^^.e^ y. Azu^lal^^ M.A. Baak^o, G. Baccaglioni*^^'^, 

C. Baccii34a,i34b^ Baches, H. Bachacoui^e, K. Bachas^o, M. Backes''^, M. Backhaus^i, J. Backus Mayes"^^ 
E. Badescu26a, p. Bagnaiai32a432b^ g Bahinipati^, Y. Bai^^a, D.C. Bailey^^s^ T. Baini^s, J.T. Baines^^s, 

O.K. Baker"^ M.D. Baker^^, S. Bakcr^^ P. Balek^^e^ E. Banas^^, P. Banerjce^^^ Banerjee^'^^^ D. Banfi^o, 

A. Bangerti5°, V. Bansal^^^, H.S. Bansil^**, L. Barak^^^^ S.P. Baranov^^, A. Barbaro Galtierii^, T. Barbaras, 

E.L. Barberio^^, D. Barberis^O'^'^o'^, M. Barbero^i, D.Y. Bardin^'', T. Barillari^^ M. Barisonzi"^ T. Barklow"^^ 

N. Barlow^s, B.M. Barnett^^g^ ^ BarIlettl^ A. Baroncelli"4a^ G. Barone''^, A.J. Barr"^, F. Barreiro^^, J. Barreiro 

Guimaraes da Costa", P. Barrillon"^ R. Bartoldus"^^ A.E. Barton", V. Bartschi^s, A. Basyel^^ R.L. Bates^^^ 

L. Batkova""'", J.R. Batley^^, A. Battaglia", M. Battistin^", F. Bauer^e^ H.S. Bawa^^J^ s. Beale^^, T. Beau^^, 

P.H. Beauchemini6\ R. Beccherle^O'^, P. Bechtle^i, H.P. Beck", A.K. Becker"^ S. Becker^^ M. Beckinghami^s, 

K.H. Becks"5, A.J. Beddalli^^ A. Beddall^^^ S. Bcdikiani^^^ y.A. Bednyakov^'', CP. Bee^^^ l j Bccmstcrios, 

M. Begel^s, S. Behar Harpazi^s, RK. Behera^^ M. Beinlforde9^ C. Belanger-Champagne8^ P.J. Bell^^, W.H. Bell^^ 

G. Bellai53^ l Bellagamba^"^, M. Bellomo^o, A. BcUoni", O. Bcloborodova^o^^f, K. Belotskiy9^ O. Beltramello^o, 

0. Benaryi'^^^ Benchekroun^Sa^ K. Bcndtz^^ea.web^ Benekosi^^, Y. Bcnhammoui^^^ E_ Benhar Noccioli''^, 
J.A. Benitez Garcia^^^*^, D.P. Benjamin^^, M. Bcnoit"^, J.R. Bensinger^^, K. Benslama^^", S. Bentvelsen^"^, 

D. Berge'^", E. Bergeaas Kuutmann^^, N. Berger^, F. Bcrghaus^^^, E. Bcrglund^"^, J. Beringer^^, P. Bernat'''', 

R. Bernhard'^s, C. Bernius^s, T. Berry^^ C. Bertella^^^ A. Bertin^o^^^ob^ p_ gg^|-Qi^pj,ji22a,i22b^ y^j^ Besana^^a.sgb^ 
G.J. Besjes^O'', N. Besson^^^^ s. Bethke^^, W. Bhimji^e, R.M. Bianchi^o, L. Bianchini^s , M. Bianco^2a,72b^ q Biebel^^, 
S.P. Bieniek", K. Bierwagen^^, J. Biesiadal^ M. Bigliettii34a^ h. Bilokon^^, M. Bindi^O'^^^ob^ g Binet"^^ A. Bingul^^^ 

C. Binii32a,i32b^ Q Biscarat"^, B. Bittner^^, C.W. Black^^^ K.M. Black^^, R.E. Blair^, J.-B. Blanchard^^e^ 

G. Blanchot^o, T. Blazek"4a^ i. Blocli42, C. Blocker^s, J. Blocki^^, A. Blondel'^^ W. Bluni^i, U. Blumenscliein54, 
G.J. Bobbink^os^ V.S. Bobrovnikovi"^ S.S. Bocchetta^^, A. Bocci45, C.R. Boddy"^ M. Boeliler48, J. Boek^^^^ 
N. Boelacrt^e, J.A. Bogaerts^", A. Bogdanchikov^o^, A. Bogouch^O'*, C. Bohnii46a^ j, Bohm^^s, V. Boisvert^^, 
T. Bold^s, V. Boldea^^a, N.M. Bolnet^^e^ M. Bomben^^, M. Bona^^^ M. Boonekampi^e, S. Bordoni^^, C. Borer^^, 

A. Borisovi28, G. Borissov^\ I. Borjanovic^^a^ Borri^^^ S. Borroni^"^, J. Bortfcldt^^ V. Bortolottoi34a,i34b^ 
K. Bos^°^, D. Boscherini^^^, M. Bosman^^, H. Boterenbrood^"^, J. Bouchami^'^, J. Boudrcau^^'^, 

E. V. Bouhova-Thacker^i, D. Bouniediene34, C. Bourdarios"^ N. Bousson^^^ a. Boveia^i, J. Boyd^", I.R. Boyko*''', 

1. Bozovic-Jelisavcic"'', J. Bracinikl^ P. Branchini"4a^ A. Brandt^ G. Brandt"^, O. Brandt^"*, U. Bratzler^^^^ 

B. Brau*4^ j ^ Brau"4^ h.M. Braun^^^,*^ g p Brazzalei64a,i64c^ g Brelieri^s^ J. Bremer^o, K. Brendlinger^^o, 
R. Brenneriss^ g Bressler"^ D. Britton^^^ P.M. Brocliu^^, I. Brock^i, R. Brock*^, F. Broggi^^'', C. Bromberg^^, 

J. Bronner^^, G. Brooijmans^s, T. Brooks'^^ W.K. Brooks^^^, G. Brown^^ H. Brown^, P .A. Bruckman de Renstrom , 

D. Bruncko^'''"', R. Bruneliere'^**, S. Brunet^°, A. Bruni^"'^, G. Bruni^O'^, M. Bruschi^"^, T. Buanesi4, Q. Buat^^ 

F. Bucci49, J. Buclianan"8, P. Buchholzi4i, R.M. Buckingham"**, A.G. Buckley^^^^ g j Buda^^a^ i.A. Budagov^"*, 
B. Budick^o**, V. Biischer^^ L. Bugge""^, O. Bulekov^^ A.G. Bundock^^^ jyj Bunse'^^^ t. Buran"^, H. Burckhart^o, 
S. Burdin^3^ Burgess", S. Burke^^g^ p Busato34, P. Bussey5'\ CP. Buszello^^e^ b. Butleri43^ j.M. Butler^^, 
CM. Buttar^s, J.M. Butterworth", W. Buttinger^^, S. Cabrera Urban^^^^ D. Caforio^O'^'^ob^ q Cakir4'^, 

P. Calafiurais, G. Calderini^^^ P. Calfayan^s, R. Calkinsio^, L.P. Caloba24a, R. Caloi"2a.i32b^ j) Calvet34, S. Calvet34, 
R. Camacho Toro^4^ p. Camarri^^^'^'^^^'^, D. Cameron^^"^, L.M. Caminada^^, R. Caminal Armadans^^, S. Campana^°, 
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M. Campanelli^^ V. Canalci°2a,i02b^ CancUi^i, A. Cancpai59a^ J. Cantcro^", R. Cantrill^e^ L. Capassoio^^'^o^b^ 

M.D.M. Capcans Garrido^o, 1. Caprini^e^, M. Caprini^e^, D. Capriotti^^, M. Capua^^'^'^yb^ Caputo^i, 

R. Cardarellii33a^ t. Carli^o, G. Carlinoi^^a^ l. Carminati*^^'^^'^, B. Caron^s, S. Caronio*^ E. Carquin^^b, 

G.D. Carrillo-Montoya"^'', A.A. Carter^^^ J.R. Carter^s, J. Carvalhoi^^a.?'^ D. Casadei^°*, M.P. Casadoi2, 

M. Cascellai22a,i22b^ (^j^gQSOa.sob,*^ Castaneda Hernandez "3, E_ Castaneda-Miranda"^^ 

V. Castillo Giinenezi67^ N.F. Castroi^^a^ G. Cataldi^^a^ Catastini", A. Catinaccio^", J.R. Catmore^o, A. Cattai^o 

G. Cattani"3a,i33b^ CaughronSS, V. Cavaliere^^s^ p^ Cavalleri^^^ D. Cavalli^^a^ Cavalli-Sforzai^^ 

V. Cavasinnii22a422b^ p_ Qgj.j^jjj^ji34a,i34b^ ^ g_ Cerqueira^^^, A. Cerri^o, L. Cerrito^^ F. Cerutti''^ S.A. Cetini^*^, 

A. Chafaqi35a^ p, Chakrabortyi^e, I. Chalupkovai^e, K. Clian^, P. Chang^ss, B. Chapleau8^ J.D. Chapman^s, 

J.W. Chapman^^, E. Chareyre^^ D.G. Charlton's, V. Chavda^^ C.A. Chavez Barajas^o, S. Cheatham^s, 

S. Chekanov^, S.V. Chekulaevi^Sa^ G.A. Chelkov^^, M.A. Chelstowska^o^^ C. Chen^s, H. Chen^^, S. Chen33<=, 

X. Cheni^3^ Y. Chen^s, Y. Cheng3\ A. Cheplakov^*, R. Cherkaoui El Moursli"5°, V. Chernyatin^s, E. Cheu^, 

S.L. Cheungiss, L. Chevalieri^e^ G. Chiefarii°2a,i02b^ L_ ChikovaniSi^'*, J.T. Childers^o, A. Chilingarov'^\ 

G. Chiodini^^a^ ^ g_ chisholnll^ R.T. Chislett^^ A. Chitan^ea, M.V. Chizhov64, G. Choudalakis^i, S. Chouridou"^ 

LA. Christidi^^ A. Christov^*, D. Chromek-Burckhart^o, M.L. Chu^^i, J. Chudoba^^s, G. Ciapetti"2a432b^ 

A.K. Ciftci"'^, R. Ciftci''^ D. Cinca^^, V. Cindro^^ C. Ciocca^o^^^ob^ Ciociol^ M. CiriniS^, P. Cirkovic^^b^ 

Z.H. Citron"2^ M. Citterio89% M. Ciubancan^ea, A. Clark^^, P.J. Clark^^, R.N. Clarke^^, W. Clelandi^a, 

J.C. Cleniens83, B. Cleme^t5^ C. Clement "6a,i46b^ Y. CoadouS^^ M. Cobali64a,i64c^ Coccaro^s, J. Cochran^a, 

L. Coffey23, J.G. Cogan"3, j. Coggeshalli^^^ E. Cognerasl^^ J. Colas^ S. Colel°^ A.P. Colijni°5^ N.J. Collinsl^ 

C. Collins-Tooth53, J. CoUotSS, T. Colombo"^'''"^^, G. Colon^^, G. Compostclla^s, P. Conde Mumoi24a^ 

E. Coniavitisi66^ M.C. Conidi^^ S.M. ConsonniS^^'SSb^ y_ Consorti''^ S. Constantinescu^ea^ C. Conta"^^'"^^, 

G. Conti", F. Conventii°2aj^ M. Cookers, B.D. Cooper^^, A.M. Cooper-Sarkar"^, K. Copicl^ T. Cornclisseni^s^ 
M. Corradi^o^, F. Corriveau^^''^, A. Cortcs-Gonzalczi^s^ G. Cortiana^^, G. Costa^^^, M.J. Costa^^^ D. Costanzoi^s, 

D. Cote^o, L. Courneyeal6^ G. Cowan^^ C. Cowden^s, B.E. Cox^^, K. Cranmcrios, F. Cresciohi22a,i22b^ 
M. Cristinziani^i, G. Crosetti^^^'^Tb^ Crepe-Renaudin^s, C.-M. Cuciuc^e^, C. Cuenca Alnienar"^ 

T. Cuhadar Donszelmanni^s, J. Cumnlings"^ M. Curatolo'*^ C.J. Curtis^^, C. Cuthberti^o^ p. Cwetanski^o, 

H. Czirr"!, p. Czodrowski^^, Z. Czyczulai^^ S. D'Auria^^^ D'Onofrio^^^ A. D'Orazio"2a,i32b^ 

M.J. Da Cunha Sargedas De Sousai24a^ c. Da Via^^^ W. Dabrowski^s, A. Dafinca"^, T. Dai^^, C. DaUapiccola^'', 

M. Dam36, M. DamerP'^'^ob^ D.S. Damianii^^^ H.O. Danielsson^", V. Dao^^, G. Darbo^o^^ Q.L. Darlea^e^^ 

J.A. Dassoulas'^2^ W. Davey^i, T. Davidek^^e^ N. Davidson8^ R. Davidson^\ E. Davies"^'^ M. Davies^^^ 

O. Davignon''s, A.R. Davison'''', Y. Davygora^***, E. Dawe^^^, I. Dawson^^s^ R.K. Daya-Ishmukhametova^^, K. De^, 

R. de Asmundisi"2a^ g, P)c Castro20^'20b^ s. De Cecco^^ J. dc Graat^^, N. De Groot^o^^ p. de Jongi°5, 

C. De La Taille"^, H. De la Torre^o, F. De Lorenzi^^^ p Mora^^, L. De Nooiji"^, D. De Pedisi32a^ ^ p^, Salvoi32 

U. De Sanctisi64a.i64c^ ^ p^ Santo"^, J.B. De Vivie De Regie"^^ G. De Zorzi"2a432b^ ^ j Dearnaley^i, R. Debbe 

C. Debenedetti''^ B. Deehenaux5^ D.V. Dedovich^'', J. Degenhardt^^o^ j p^j Pcso*°, T. Del Pretei22a422b^ 

T. Delenlontex5^ M. Deliyergiyev'^'', A. DelPAcqua^", L. Dell'Asta^^, M. Delia Pietra^o^aj"^ p ^^^la Volpe^^^^^^^^b^ 
M. Delmastro^ P.A. Delsart^^ C. Delueal°^ S. Deniers"^, M. Demichev^^*, B. Demirkozi2.', S.P. Denisov^^s, 

D. Derendarz39, J.E. Derkaoui"^^, F. Derue^^, P. Dervan'^^^ Desch2i, E. Devetak"^ P.O. Deviveiros^°^ 

A. Dewhursti29, B. DeWilde"^, S. Dhahwal^^s, R. Dhullipudi^s.™, A. Di Ciaceioi33a,i33b^ p pj ciaecio^ 

C. Di Donatoi°2a,i02b^ ^ Pi Girolamo^", B. Di Girolamo^o, S. Di Luise"4aa34b^ ^ Pi Mattia"^^ p pj Miceo^o, 
R. Di Nardo47, A. Di Simonei33a,i33b^ j,_ Pi Q20a,20b^ ^j^^ Diaz32a^ E.B. DiehF, J. Dietrieh42, T.A. Dietzsch^^'^, 
S. DiglioS^ K. Dindar Yagei40, J. Dingfelder^i, F. Dinut^^a, C. Dionisii32a,i32b^ p pita26a^ g Dita26a^ p. Dittus30, 

F. Djama^^^ t. Djobava^^'", M.A.B. do Vale24<=, A. Do Valle Weniansi24a."^ T.K.O. Doan^, M. Dobbs^s, D. Dobos^o, 

E. Dobson30'°, J. Dodd35, C. Doglioni49, T. Doherty^^^ y. Doi^^^-*, J. Dolejsii^e, p Dolenc^'', Z. Dolezali26, 

B. A. Dolgoshein^^,*^ p Dohmae^^s^ ^ Donadelli24d, J. Donini34, J. Dopke^o, A. Doria^^^a^ ^ p^g Anjos^^^^ 

A. Dottii22a,i22b^ ]y[_p^ Dova™, A.D. Doxiadisl°^ A.T. Doyle^^^ Dressnandt^^o, M. Dris^o, J. Dubbert^^ S. Dube 
E. Duchovnii'^2^ q Duckeck3^ D. Duda"^ A. Dudarev30, P. Dudziak63^ ^ Duhrssen30, LP. Duerdoth^^^ L. Dufloti 
M-A. Dufour*5, L. Duguid^^, M. Dunford^^^^, H. Duran Yildiz^^, R. Duxfieldi39, M. Dwuznik38, M. Diiren52, 

W.L. Ebenstein^s, J. Ebke^*, S. Eekweiler^i, K. EdmondsS\ W. Edson2, C.A. Edwards^^ N.C. Edwards^^^ 

W. Ehrenfeld''^, T. Eiferti43^ G. Eigeni4, K. Einsweileri^, E. Eisenhandler^^^ T. Ekelof^^e, M. El Kaeiniii35c^ 

M. Ellert^^^ S. Elles^ F. Elhnghaus*\ K. Elhs^^ N. EUis^o, J. Elmsheuser^^ M. Elsing^", D. Emeliyanov^^g^ 

R. Engelnlann"^ A. Engl^^, B. Epp^^, J. Erdmann54, A. Ereditato", D. Eriksson^^a^ j_ prnst2, M. Ernst25, 

J. Ernwein^36^ p^ Erredel6^ S. Erredel6^ E. Ertel*\ M. Esealier"^ H. Esch43, C. Eseobari23_ x. Espinal CuruUi2, 

B. Esposito'^'^, F. Etienne83^ ^ Etienvre^^e^ P^ Etzioni53^ p^ Evangelakou^'', H. Evans^^o, L. Fabbri20^^20b^ p^^^^ 
R.M. Fakhrutdinovi28, S. Falcianoi32a^ y. Fang33a^ M. Fanti^^^^'^sb^ A. Farbin^, A. Farinai34a^ j. Parley^s, 

T. Farooque^^s, S. Farren^'53^ g_^^ Parrington^^o, P. Farthouat^", F. Fassi^^^, P. Fassnacht30, D. Fassouliotis^, 

B. Fatholahzadeh^s*, A. Favareto*^'''^^'^, L. Fayard"^ S. Fazio37a.37b^ Febbraro34, P. Federic"'''^, O.L. Fedini2i, 
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W. Fedorko®^ M. Fchling-Kaschck-*^, L. Fcligioni^^^ C. Feng^s^^ E.J. Fcng^, A.B. Fcnyuk^^s^ j_ Ferencei""'', 
W. Fernando^, S. Fcrrag^^, J. Fcrrando^'^, V. Ferrara^^, A. Ferrari-^^^, P. Fcrrari-^^^, R. Ferrari^^^'', 

D. E. Ferreira de Lima^^^ a. Ferrei-i^^ D. Ferrere'^^ C. Ferretti*^ A. Ferretto Parodi^O''^^'"^, M. Fiascaris^i, 

F. Fiedler^i, A. Filipcic^'', F. Filthauti04^ m. Fincke-Keeleri^s, M.C.N. Fiolliaisi^^^.'^^ l. Fiorinii67, A. Firan"", 

G. Fischer42, M.J. Fisher^o^, M. Flechl^^, I. Fleck^i, J. Fleckner^i, P. Fleischmanni^^^ Fleischmann"^^ T. Flicki^'s, 
A. Floderus'^^ L.R. Flores Castillo"^^ ^.C. Florez Bustos^^^'^, M.J. Flowerdew^^ T. Fonseca Martini"^, A. Formica"'^, 
A. Forti*^^ D. Fortin^^ga^ ^ Fournier"^ A.J. Fowler''^ H. Fox^\ P. Francavilla^^^ M. Franchini^O'^'^ob^ 

S. Franchino"^^'"^'', D. Francis^^, T. Frank"^ M. Franklin", S. Franz^o, M. Fraternali"^'''"^^, S. Fratina^^o, 
S.T. Frenches, C. Friedrich''^ F. Friedrich'''', R. Froeschpo, D. Froidcvaux^o , J.A. Frost^^, C. Fukunagai^^, 

E. Fullana Torregrosa^o, E.G. Fulsom^s^ J. Fusteri67^ c. Gabaldon^o, 0. Gabizon"^ T. Gadfort^s, S. Gadomski^^, 
G. Gagliardi^O'^'SOb^ p Gagnon^o, C. Galea^^^ B. Galhardoi24a^ g j Gallas"^ V. Gallo", B.J. Gallopi^s, p. Gallus^^s, 
K.K. Gan^os, Y.S. Gao^^^j^ a. Gaponenkol^ F. Garbersoni^^ M. Garcia-Sciveresl^ G. Garcfai^^^ j.E. Garcia 
Navarro^", R.W. Gardner^!, N. Garclli^", H. Garitaonandial°^ V. Garonne^o, G. Gatti''^, G. Gaudio"^^, B. Gauri^i, 
L. Gauthieri36, p. Gauzzii32a432b^ j Gavrilenko9^ C. Gay^^^, G. Gaycken^i, E.N. Gazis^", P. Ge^^^, z. Gecse^^s^ 

G. N.P. Gee^^g^ D.A.A. Geertsl°^ Gh. Geich-Gimbel^i, K. Gellerstedt"^'^'"^'^, C. Genime5°% A. Gemmell^^^ 
M.H. Genest^s, S. Gentilei32a,i32b^ George^*, S. George^^, P. Gerlach"^^ A. Gershoni^s^ C. Geweniger^^^^, 

H. Ghazlane^^sb, N. Ghodbane^^, B. Giacobbe^"^, S. Giagu"2a,i32b^ y Giakoumopoulou^, V. Giangiobbe^^^ 

F. Gianotti^o, B. Gibbard^^, A. Gibson^ss, S.M. Gibson^o, M. Gilchriesel^ D. Gillberg^^, A.R. Gillmani^s, 

D. M. Gingrich3^% J. Ginzburgi^s, N. Giokaris^ M.P. Giordanii^^c^ r. Giordanoi°2a,i02b^ p ^j^ Giorgi^e, 

P. Giovannini^^, P.P. Giraudi^^, d. Giugni^s^, M. Giunta^^, B.K. Gjelsten"^ L.K. Gladilin^^, G. Glasman^", 
J. Glatzcr^i, A. Glazov^^, K.W. Glitza"5, G.L. GlontiS^, J.R. Goddard^^^ J. Godfrcy"2, j. Godlewski^o, M. Gocbel42, 
T. G6pfcrt44, G. Goeringer^i, G. Gossling^s, S. Goldfarb^^, T. Golling"^^ A. Gomcsi24a,;>^ l.S. Gomez Fajardo'^^^ 
R. Gongalo^^, J. Goncalves Pinto Firmino Da Gosta"'^, L. Gonella^^, S. Gonzalez dc la Hoz^^^, G. Gonzalez Parra^^, 
M.L. Gonzalez Silva^^, S. Gonzalez-SeviUa'^^, J.J. Goodson^^s^ L. Goossens^", P.A. Gorbounov9^ H.A. Gordon^s, 

I. Gorelovl°^ G. Gorfine"^ B. Gorini^o, E. Gorini72a,72b^ ^ Gorisek^*^ E. Gornicki^^, A.T. Goshawk M. Gosselinki°5, 
M.I. Gostkin64, I. Gough Eschrichi^^^ Gouighrii^Sa^ D. Goujdami^s^, M.P. Goulette^^, A.G. Goussiou^^s, C. Goy^ 
S. Gozpinar23, I. Grabowska-Bold^^, p. Grafstr6m20^>20b^ Grahn^^, E. Gramstad^i^ F. Grancagnolo^^a^ 

S. Grancagnolo^s, V. Grassi^^s, V. Gratcheyi^i, N. Grau^^, H.M. Gray^o, J.A. Gray^^^^, E. Grazianii34a^ 

0. G. Grebenyuki2i, T. Greenshaw^^^ Z.D. Greenwood^^.™, K. Gregersen^e, I.M. Gregor^^, P. Grenier"3^ j. Griffiths*, 
N. Grigalashvili^^, A.A. GriUo^^^^ S. Grinstein^^, Ph. Gris^^, Y.V. Grishkevich^^ J.-F. Grivaz"^ E. Gross^^^ 

J. Grosse-Knetter54, J. Groth-Jensen^^^^ K. Grybel^"*!, D. Gucsti^^^ g. Guicheney^^, E. Guido5°=^'5°'=, S. Guindon^^, 
U. Gnl^^, J. Gunthcri25, B. Guo^^^, J. Guo^^, P. Gutierrez"^, N. Guttman^ss, Q. GutzwiUer^^^, G. Guyot^^e, 

G. Gwenlan"8, G.B. GwiUiam^^^ A. Haas^os, S. Haas^", C. Haber^s, H.K. Hadavand^ D.R. Hadleyl^ P. Haefner^i, 

F. Hahn^o, Z. Hajduk^^, H. Hakobyan"^, D. Hall"^ K. Haniacher"^, P. Hamal"'\ K. Hamano^e, M. Hamer^^, 

A. Haniilton"5'"'P, S. Hamiltoni^i, L. Han^^^^ K. Hanagaki"^, K. Hanawa^^o, M. Hancel^ G. Handel*\ P. Hanke^*'^, 

J.R. Hansen^e, J.B. Hansen^^, J.D. Hansen^^, RH. Hansen^^, P. Hansson"^^ K. Hara^^^ T. Harenberg"^ 

S. Harkusha^°, D. Harper*"^, R.D. Harrington^^, O.M. Harris^^s^ j Hartert''^ F. Hartjesl°^ T. Haruyama*^^ 

A. Harvey^^, S. Hasegawai°\ Y. Hasegawa^^'o, S. Hassani^^^, S. Haug", M. Hauschild^", R. Hauser**, M. Havranek^i, 

G. M. Hawkes^s, R.J. Hawkings^o, A.D. Hawkins^^ T. Hayakawa^^ T. Hayashi^^o, D. Hayden^^ G.P. Hays"^ 

H. S. Hayward^3^ S.J. Haywood^^s, S.J. Headl^ V. Hedberg^^, L. Heelan*, S. Heimi^o, B. Heinemanni^, 
S. Heisterkanip36, L. Helary22, G. Hellcr^s, M. Heller^", S. Hcllman"6a,i46b^ j3 Hellmich^i, C. Helsens^^, 
R.G.W. Henderson''^ M. Henke^*'", A. Henrichs^''''^ A.M. Henriques Gorreia^°, S. Henrot-Versille"^, C. Hensel^"*, 
G.M. Hernandez*, Y. Hernandez Jimenez^^^, R. Herrberg^^, G. Herten**, R. Hertenberger^*, L. Hervas'^", 

G.G. Hesketh", N.P. Hesseyl°^ E. Hig6n-Rodriguezi67^ J.G. HilP*, K.H. HiUer^^, S. Hillert^i, S.J. Hillieri*, 

1. Hinchliffeis, E. Hines^^o, M. Hirose"^^ p. Hirsch^s, D. Hirsclibuehl"^^ J. Hobbs^^s, N. Hod^^s^ M.G. Hodgkinsoni^^, 
P. Hodgsoni39, A. Hoecker^o, M.R. Hoeferkamp^o^^ j. Hoffman^o, D. HoffmannS^, M. Hohlfeld*\ M. Holder^i, 

S.O. Holmgren"6a^ t. Holy^^^, J.L. Holzbauer**, T.M. Hong^^o^ L. Hooft van Huysduynenio*, S. Horner-**, 

J-Y. Hostachy5^ S. Houi", A. Hounimada"^^, J. Howard"*, J. Howartli*^, I. Hristoval^ J. Hrivnac"^ T. Hryn'ova^ 

P.J. Hsu*\ S.-G. Hsul^ D. Hu^s, Z. Hubaceki^^^ p. Hubaut*^, F. Huegging^i, A. Huettmann^^ , T.B. Huffman"*, 

E. W. Hughes^s, G. Hughes^*, M. Hulitinen^o, M. Hurwitzl^ N. Huseynov^^^?, J. Huston**, J. Huth", G. lacobucci^s, 
G. lakovidis^", M. Ibbotson*^, I. Ibragimov^"'^, L. leonomidou-Fayard"^, J. Idarraga^*'^, P. lengo*'^^'*, O. Igonkina*°^, 
Y. Ikegami*^^^ jyj Ikeno^^, D. Iliadisi54^ n. Ilici^s, T. Ince^^, P. Ioannou^ M. Iodicei34a^ k. lordanidou^, 

V. Ippolito"2a,i32b^ A^ jj.lgg Quilesi", C. Isaksson^ss, M. Ishino^^^ M. Ishitsukai", R. Islimukhametovi"^, 
G. Issever"*, S. Istini^^^, A.V. Ivashini^s, W. Iwanski^^, H. Iwasaki^^, J.M. Izen^i, V. Izzo^o^a^ p. Jackson^^o^ 
J.N. Jackson^3^ p_ jackson^, M.R. Jaekel^^, V. Jain^o, K. Jakobs^*, S. Jakobsen^^, T. Jakoubek^^s, J. Jakubeki27^ 
D.O. Jamin^^^ D.K. Jana"\ E. Jansen"^^, H. Jansen^", J. Janssen^^ A. Jantsch^^, M. Janus''*, R.C. Jared^^^^ 
G. Jarlskog^^, L. Jeanty", I. Jen-La Plante^^ D. Jennens*'^, P. Jenni^^, A.E. Loevschall-Jensen^^, P. Jez^^, 
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S. Jczcquel^ M.K. Jha^o^, H. Ji"3, W. J. Jia^^s, Y. Jiang^^^^ M. Jimenez Belenguer42, S. Jin^^^^ Q. Jinnouchii^^ 

M.D. Joergensen^e, D. Joffe^^, M. Johanseni46a,i46b^ g Johansson"6a^ p. Johansson"9, S. Johnerf^^ K.A. Johns^, 

K. Jon-And"^'''"^'', G. Jones"°, R.W.L. Jones^\ T.J. Jones^^^ C. Joram^o, P.M. Jorgei24a^ ^ Joshi^^ 

J. Jovicevic"^, T. Jovin^b^ x. Ju"^^ C.A. Jung''^, R.M. Jungst^o, V. Juranek^^s^ R Jussel'^\ A. Juste Rozas^^^ 

S. Kabana^^ M. Kaci^^^, A. Kaczmarska^^, P. Kadlecik^e, M. Kado"^ H. Kagan^o^, M. Kagan", E. Kajomovitzi^z^ 

S. Kalininl^^ L.V. Kalinovskaya^^, S. Kama'^o, N. Kanaya^^^, M. Kaneda^", S. Kaneti^^, T. Kannoi"^ 

V.A. Kantserov^^ J. Kanzaki^^^ B. Kaplan^^s, A. Kapliy^i, J. Kaplon^o, D. Kar^^, M. Karagounis^i, K. Karakostas^o, 

M. Karnevskiy''^ V. Kartvelishvili^\ A.N. Karyukhini^s^ L. Kashif^^^^ q Kasieczka^^^, R.D. Kass^"^, A. Kastanas^'', 

M. Kataoka^, Y. Kataokal■5^ E. Katsoufisi", J. Katzy^^, V. Kaushik^, K. Kawagoe^^, T. Kawamotoi^^^ 

G. Kawamura^S M.S. Kayll°^ S. Kazamai^^ V.A. Kazanini"^, M.Y. Kazarinov^", R. Keeleri^s, p.T. KccncT^^°, 

R. Kehoe'^o, M. Keil^'', G.D. Kckelidzc^i, J.S. Kcllcr^s, M. Kenyon^s, O. Kepka^^s, N. Kcrschen^o, B.P. Kersevan^'*, 

S. Kersteni^s^ K. Kessokul5^ J. Keungi^s, F. Khalil-zada", H. Khandanyan"6a446b^ Khanov"^, D. Kharchenko*'4, 

A. Khodinov^^ A. Khomieh^^^, T.J. Khoo^s, G. Khoriauli^i, A. Khoroshilov"^ V. Khovanskiy^^^ E. Khramov^'', 

J. Khubua^i'", H. Kim"6a,i46b^ g jj Kinii^o, N. Kiniurai^\ O. Kindl^ B.T. King^^^ jyj King^e, R.S.B. King"^^ 

J. Kirki29, A.E. Kiryunin^^ T. Kishimoto<'^ D. Kisielewska^^, T. Kitamura'^^ T. Kittelmann^^a^ ^ Kiuchii^o, 

E. Kladiva"'"', M. Klein^^^ U. Klein^^^ K. Kleinknecht^i, M. Klemetti8^ A. Kliei-i^^ P. Klinieki46a446b^ 

A. Klimentov^s, R. Klingenberg^s, J.A. Klinger82, E.B. Klinkby^^, T. Klioutchnikova^o, P.P. Klokio"^ s. Klousl°^ 

E. -E. Kluge^S'', T. Kluge^^^ P. Kluitlo^ S. Kluth^^, E. Kneringer^i, E.B.F.G. Knoops^^^ Kmie^'^, B.R. Ko''^ 
T. Kobayashiiss, M. Kobel'''*, M. Kocian"3, R Kodys^^e^ K. Konckc^", A.C. K6nigi''4_ S. Kocnig^i, L. Kopke^i, 

F. Koctsvcld^O'^, P. Kocvesarki^i, T. Koffas^s, E. Koffcmani"^ , L.A. Kogan"**^ s. Kohlnianii"^^ F. Kohn^^, 

Z. Kohouti27, T. Kohriki^s, T. Koi"^, Q.M. Kolacheyio^^*, H. Kolanoskii6, V. Kolcsnikov^^, I. Koletsou^^'^, J. KoU^s, 
A.A. Komar^^, Y. Komori^ss^ rj, Kondo^^^^ T. Kono^^.r^ Kononov4^ R. Konoplichl°8'^ N. Konstantinidis"^^, 
R. Kopclianskyi52, S. Koperny^^^ ^ Korcyl^^ K. Kordasi54, A. Korii"^, A. Korolio^ I. Korolkovi2, 

E. V. Korolkovai39^ y.A. Korotkoyi^s, Q. Kortner^^, S. Kortner^^, V.V. Kostyukhiii^i, S. Kotov^^, V.M. Kotov^^, 
A. Kotwal'*^ C. Kourkoumelis^, V. Kouskoura^^'', A. Koutsmani^^'^, R. Kowalewskii^a, T.Z. Kowalski^^, 

W. Kozaneckii36, A.S. Kozhini^s, V. Kral^^^, V.A. Kramarenko^^ G. Kramberger^^^ y^ ^^^ Krasny^^^ 

A. Krasznahorkay^"^, J.K. Kraus^^, S. Kreiss^°*, F. Krejci^^T^ Kretzschmar"^^, N. Krieger^'', P. Krieger^^®, 

K. Kroeninger54, H. Kroha^^, J. Krolli^o^ j. Kroseberg^i, J. Krstic"'', U. Kruchonak^^, H. Kriiger^i, T. Kruker", 

N. Krumnack63, Z.V. Krumshteyn^^, M.K. Kruse4^ T. KubotaS^ S. Kuday*'', S. Kuehn^^, A. Kugel^*^ T. Kuhl^^, 

D. Kuhn^i, V. Kukhtin64, Y. Kulchitsky^o, S. Kuleshov^^b, C. Kummer^s, M. Kuna^**, J. Kunklci^o, A. Kupeo^^s^ 

H. Kurashige^e^ M. Kuratai^", Y.A. Kurochkin^", V. Kus^^s, E.S. Kuwertz^^^^ M. Kuzc^^'' , J. Kvita^^z^ R. Kwee^^, 
A. La Rosa^s, L. La Rotonda^^'^'^^'^, L. Labarga**^ J. Labbc^ S. Lablak"^'^, C. Lacasta^^^^ F. Lacavai32a,i32b^ 

J. Laccy29, H. Lackcr^^^ ^ Lacour'^^ V.R. Lacuesta^^^ E. Ladygin^"*, R. Lafaye^ B. Laforge'^^ T. Lagourii^^, 
S. Lai''^, E. Laisne^^, L. Lambourne'^'', C.L. Lampen"^, W. LampF, E. Lancon^^^, U. Landgraf**, M.P.J. Landon''^, 
V.S. Lang^*^, C. Lange''^, A.J. Lankford^^^ F. LannP, K. Lantzschl^^ A. Lanza"^'', S. Laplace^*, C. Lapoire^^, 
J.F. Laporte"^, T. LariS^*^, A. Lal•nel•"^ M. Lassnig^o, P. Laurelli''^ V. Lavorini^^a.sTb^ Lavrijseni^, P. Laycock^^^ 
O. Le Dortz^^ E. Le Guirriec^^^ E. Le Menedeu^^^ t. LeCompte^, F. Ledroit-Guillon^s , H. Lee^°^, J.S.H. Lee"^, 
S.C. Lee^^i, L. Lee^^*^, M. Lefebvrei^s, M. Legendre^e, p. Legger^^, C. Leggettl^ M. Lehmacher^i, 

G. Lehmann Miotto^o, A.G. Leister^'^^ M.A.L. Leite^^^, R. Leitner^^e^ D. Lellouch"^^ ^ Lemmer^'', 

V. Lendermann^sa^ K.J.C. Leney"5'^ T. Lenz^o^^ G. Lenzen"^ B. Lenzi^o, K. Leonhardt^^, S. Leontsinisi°, 

F. Lcpold^s^', C. Leroy93^ Lcssardi^s, C.G. Lcstcr^s, C.M. Lcsteri^o, j. Leveque^ D. Levin^'^', L.J. Levinsoni^^^ 
A. Lcwis"^ G.H. Lewisl°^ A.M. Lcyko^i, M. Leyton^'^, B. Li^^b, B. Li^^, H. Li"8, H.L. Li^^, S. U^^^'\ X. Li^^, 

Z. Liang"^'", H. Liao^^, B. Liberti^^^a^ Lichard^o, M. Lichtnecker^^, K. Lici^s, W. Liebig", C. Limbach^i, 

A. Limosani8^ M. Limpcrf^^^ g c_ Lini^i'", F. Linde^^^, J.T. Linnemann^^ , E. Lipeles^^o^ Lipniacka", T.M. Lissl6^ 
D. Lissauer^s, A. Listcr^^, A.M. Litkei37, C. Liu^^, D. Liui^i, H. Liu^^, J.B. Liu^^, L. Liu^'^, M. Liu^^^, Y. Liu^^b^ 

M. Livan"9^^"9'^ S.S.A. Livcrmore"^, A. Lleres5^ J. Llorente Merino^", S.L. Lloyd^^ E. Lobodzinska''^, R Loch^ 
W.S. Lockmani37^ T. Loddenkoetter^i, F.K. Loebinger^^, A. Loginoyi^^ C.W. Loh^ss^ T. Lohse^^, K. Lohwasser^s, 
M. Lokajiceki25^ y Lombardo^, R.E. Long'^\ L. Lopes^24a^ Lopez Mateos", J. Lorenz^^, N. Lorenzo Martinez"^, 
M. Losadai62, p. Loscuto^fl^ F. Lo Sterzoi32a432b^ jyjj^ Losty^^^^^'*, X. Lou^i, A. Lounis"^ K.F. Loureiroi62^ 
J. Love^, RA. Love^i, A.J. Lowe"^,/^ p_ p^asa^ jj j Lubatti^^s^ C. Luci"2a432b^ Lucotte5^ A. Ludwig^"*, 
D. Ludwig'^2^ Ludwig^'s, J. Ludwig''^ F. Luehring^^, G. Luijckxl°^ W. Lukas^\ L. Luniinari"2a^ e. Lund"^, 

B. Lund-Jcnscni"*^, B. Lundberg^^ J. Lundberg"*'''^ O. Lundbcrg"^^^"^'', J. Lundquist^^, M. Lungwitz^i, 

D. Lynn25, E. Lytken'^^ H. Ma25, L.L. Ma^^^^ q Maccarrone''^, A. Macchiolo^^, B. Macek'^'', J. Machado Migucnsi24a^ 
D. Macina^", R. Mackeprang^^, R.J. Madarasl^ H.J. Maddocks^\ W.F. Mader'''^, R. Macnner^^^ T. Macno25, 
P. Mattig"^ S. Mattig'^2^ p. Magnonii^^^ E. Magradze^'^, K. Mahboubi''^ J. Mahlstedtl°^ S. Mahmoud^^^ 

G. Mahout^**, C. Maiani^^e^ C. Maidantchik24a^ A. Maioi24a,&^ s. Majewski25, Y. Makida^^, N. Makovcc"^^ P. Mal^^e^ 
B. Malaescu^o, Pa. Malecki^^, P. Malecki^^, V.P. Maleev^2i^ p Malek^^, U. Mallik62, D. Malon^, C. Malone"^, 
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S. Maltczos^", V. Malyshev^o'^, S. Malyukov^o, R. Mameghani^* , J. Mamuzic^^b^ A. Manabe^'^ L. MandcUi^^'", 

I. Mandic^"', R. Mandrysch^^, J. Mancira^^'''', A. Manfrcdini^^, L. Manhaes de Andrade Filho^'''', 

J.A. Manjarres Ramos"^, A. Mann^'', P.M. Manning""^, A. Manousakis-Katsikakis^, B. Mansoulie"^, A. Mapelli^^, 

L. Mapelli^o, L. Marchi67^ j.p. Marchand^^, F. Marchese^^Sa.isab^ q Marchiori^^^ ^ Marcisovskyi^s, C.P. Marino^^^^ 

F. Marroquim24a^ Z. Marshall^o, L.F. Marti", S. Marti-Garcia^^^ B. Martin^o, B. Martin^^, J.P. Martin^^^ 

T.A. Martinis, V.J. Martina's, B. Martin dit Latour'^^, S. Martin-Haugh"^^ M. Martinez^^^ y. Martinez Outschoorn^^, 

A.C. Martyniuki69, M. Marx^^ F. Marzanoi32a^ Marzin"\ L. MasettiS\ T. Mashimol^^ R. Mashinistov^^^ 

J. Masik8^ A.L. Maslennikovi°^, I. Massa^^'^-^o^, G. Massarol°^ N. Massol^ P. Mastrandrea^**, 

A. Mastroberardino^^'^'^'^'', T. Masubuchil5^ P. Matricon"^, H. Matsunagai'^^ T. Matsushita'^'^^ C. Mattravers"*'^ 

J. Maurer^^^ S.J. Maxfield'^^^ D.A. Maximovi"'^'f , A. Maync^s, R. Mazini^^^, M. Mazur^i, L. Mazzaferro^^Sa.isab^ 

M. Mazzanti^S'^, J. Mc Donald^^, S.P. Mc Kee*^ A. McCarni^s^ R.L. McCarthy's, T.G. McCarthy^^, 

N.A. McCubbini29, K.W. McFartanc^e'*, J.A. Mcfayden^^s, G. Mchedlidzc^ib, T. Mclaughlani^ S.J. McMahoni^s, 

R.A. McPhersoni69''=, A. Mcade^'^, J. Mechnichl°^ M. Mechtel"^, M. Medinnis'^^ S. Meehan^i, R. Meera-Lebbai"S 

T. Meguro"6, s. Mehlhase^^, A. Mehta'^^^ K. Meier^^*^, B. Meirose^^, C. Melachrinos^i, B.R. Mellado Garcia"^, 

F. Meloni«9'^^89b^ ^ Mendoza Navas^^^^ Z. Meng^^i'"", A. Mengarelli^o^^^ob^ Menke^^^ E. Meonii^i, K.M. Mercurio^^ 
P. Mermod'^^ L. Merolai°2a,i02b^ MeroniS^'^, F.S. Merritt^i, H. Merritt^o^, A. Messina^o^^, J. Metcalfe^^, 

A.S. Metei63, C. Meyer^i, C. Meyer^i, J-P. Meyer^^e, J. Meyeri^^^ Meyer^^^ MichaP", L. Micu^e^, 
R.P. Middletoni29, S. Migas^^^ L. Mijovic^^e, Q. Mikenberg"^ M. Mikestikova^^s^ Mikuz'^'*^ Miller^i, 
R.J. Millcr^s, W.J. Millsies, C. MiUs^^, A. Miloyi^^^ D.A. Milstead'^a.web^ j3_ Milstein^^^ A.A. Minaenko^^s^ 
M. Miiiano Moya^^^ LA. Minashvili*''', A.I. Minccri"^, B. Mindur^s, M. Mineev^^"*, Y. Ming^^^^ Ljyj^ Mir^^^ 

G. Mirabellii32a^ j. Mitrevski^^^, y.A. Mitsou^s^, S. Mitsui^^, P.S. Miyagawa^^s, J.U. Mjornmark^^, T. Moa'^a.Meb^ 
V. MocUer^s, K. M6nig42, N. Moser^i, S. Mohapatra"^, W. Mohr^s, R. Moles- Valls^^^, A. Molfetas^o, J. Monk^^ 

E. Monnicr^^^ Montcjo Berlingen^^ F. Monticelli'^° , S. Monzani^O'^'^ob^ ^l.W. Moore^, G.F. Moorhead^^, 

C. Mora Herrcra"^^, A. Moraes^^, N. Morange^^^, J. Morel^"', G. Morello^^'''^^'', D. Morcno^\ M. Moreno Llacer^'^?^ 
P. Morettini^"^, M. Morgenstern'*'', M. Morii^"^, A.K. Morley^°, G. Mornacchi^o, J.D. Morris"^^, L. Morvaji*'\ 

H. G. Moser^s, M. Mosidze^^'^, J. Moss^o^ R. Mount"3, E. Mountrichai^.a, g.y. Mouraviev^",*^ E.J.W. Moyse^^, 

F. Mueller^^'', J. Mueller^^s, K. Mueller^i, T.A. Miiller^^, T. Mueller^\ D. Muenstermann^o , Y. Munwes^^^^ 
W.J. Murrayi29, 1. Musschel"^ E. Mustoi52, A.G. Myagkov^^s, M. Myska^^s^ q_ Nackenhorst^"^, J. Nadal^^, 

K. Nagai^so, R. Nagai^^^ K. Nagano^^, A. Nagarkar^^^ Y. Nagasaka5^ M. Nagel^^ A.M. Nairz^o, Y. Nakahama^o, 

K. Nakamura^s^, T. Nakamurai^^, I. Nakano"", G. Nanava^i, A. Napier^^^, R. Narayan^^^'^, M. Nash'^^■^ 

T. Nattermann^i, T. Naumann^^, G. Navarro^^s, H.A. Neal^^, RYu. Nechaeva^"*, T.J. Ncep^^^ A. Ncgri"^^'"^'^, 

G. Negrito, M. Negrini^o^, S. Ncktarijcvic'^^, A. Nelson^^s, T.K. Nclson"3, S. Nemeceki^s, R Nemethyio^, 

A. A. Nepomuceno^'''', M. Nessi^"'"', M.S. Neubauerl'5^ M. Neuniann"^, A. NeusiedlS\ R.M. Nevcs^"^, P. Nevski^^, 
F.M. Newcomer^^o^ pj^_ Newman^^, V. Nguyen Thi Hong^^*^, R.B. Nickerson"®, R. Nicolaidou^''^^, B. Nicquevert^°, 
F. Niedercorn"^ J. Nielsen"^, N. Nikiforou^^, A. Nikiforoyi^, V. Nikolaenko^^s, 1. Nikolic-Audit^^ K. Nikolics"^, 
K. Nikolopoulos^s, H. Nilsen^^, P. Nilsson^ Y. NinoIniyal5^ A. Nisatii32a^ Nisius^^, T. Nobe^^^, L. Nodulman^, 
M. Nomachi"^ I. Nomidis^^'', S. Norberg^", M. Nordberg^o, P.R. Norton^^s, J. Novakovai^e, M. Nozaki6^ 

L. Nozka"^, I.M. Nugent^^^*^, A.-E. Nuneio-Quiroz^^ G. Nunes Hanninger^'^ , T. Nunnemann^^ , E. Nurse^"^, 

B. J. O'Brien^e, D.C. 0'Neili42, y. O'Shea^^^ L.B. Oakes^^^ E.G. Oakham29^% H. Oberlack^^ J. Oeariz^®, A. Ochi^e, 
S. Oda6^ S. Odaka^s, J. Qdier^^, H. Ogren^o, A. Oh82, g jj qj^45^ ^ ^ Qhm^o, T. Ohshiniai°\ W. Okamura"^ 

H. Okawa^s, Y. Okumura^i, T. Okuyamaiss, A. Olariu^e^, A.G. Olchevskie^, S.A. Olivares Pino32a, M. Oliveirai^^a,'', 

D. Oliveira Damazio^^, E. Oliver Garciai^^ D. Olivitoi^", A. Olszewski^^, J. Qlszowska^^, A. Onofrei24a,aa^ 
P.U.E. Onyisi^i, C.J. Orami^Sa^ m.J. Oreglia^i, Y. Oreni^s, D. Orestanoi34a434b^ Orlando^2a,72b^ Orloyi^^, 

C. Oropeza Barrera^^, R.S. Orr^^s, B. Osculati^o^^sob^ Ospanoyi^", C. Osunai2, G. Otero y Garzon^^, 

J.P. Ottersbaehios, M. Ouchrif ^sd, e.A. Ouellettei^^, F. Ould-Saadai", A. Ouraoui^^, Q. Ouyang^^^, A. Ovcharovai^ 
M. Owen82, S. Owen^^s, V.E. Ozcan^^^, N. Ozturk^, A. Pacheco Pages^^, C. Padilla Aranda^^, S. Pagan Grisol^ 

E. Paganisi39, C. Palil^^ F. Paige^^, P. Pais*'', K. Pajcheli", G. Palaeinol59'^ C.P. Paleari^, S. Palestini^o, 

D. Pallin34, ^ Palma}'^'^^, J.D. Palmerl^ Y.B. Pan"^, e. Panagiotopoulou^o, J.G. Panduro Vazquez'^^ P. Panil°^ 
N. Panikashvili^^ S. Panitkin^^, D. Pantea^e^, A. Papadelis^'^s^, Tli.D. Papadopoulou^", A. Paramonov^, 

D. Paredes Hernandez^^, W. Park^^.'''', M.A. Parker^*, F. Parodi^^'^'^o'", J.A. Parsons^^, U. Parzefall'^*, S. Pasliapour^^^ 

E. Pasqualueci^^^'', S. Passaggio^O'', A. Passed"'''', F. Pastore"'*'''"^^'*, Fr. Pastore™, G. Pasztor''^'"^ S. Pataraia"^ 
N. Patel^s", J.R. Pater82, S. Patricellii°2a,i02b^ rj, p^uiySo^ Pecsy""'', S. Pedraza Lopezi67, 

M.I. Pedraza Morales"^ S.V. Peleganchukio^ D. Pelikan^^e^ jj Peng^^^, R. Penning^i, A. Penson^^, J. Penwell^", 
M. Perantoni24a, K. Perez^^."'', T. Perez Cavalcanti-^^ E. Perez Codina^^ga^ ^ rj._ p^^.^^ Garcia-Estaiiis^ 
V. Perez Reale^^, L. Perini*^'"'*'''', H. Pernegger^'', R. Perrino''^'', P. Perrodo^ V.D. Peshekhonov'^'', K. Peters^^, 
B.A. Petersen^o, J. Petersen^o, T.G. Petersen^^, E. Petit^ A. Petridisi54, c. Petridou^^'', E. Petrolo^^a^ 

F. Petrucci"''''' D. Petschull'*^ , M. Petteni"^ R. Pezoa32b, A. Phan^^ P.W. PhiUips^^g^ q Piacquadio^o, 
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A. Picazio''^, E. Piccaro■^^ M. Piccinini^Oa.aob^ g PiGC-*^, R. Piegaia^^, D.T. Pignottii"9, J.E. Pilcher^i, 

A.D. Pilkington82, J. Pinai24a,;>^ m. Pinamontii64a,i64c^ ^ Pmder"^ J.L. Pinfold^, B. Pintoi24a^ c. Pizio^^'^'Sgb^ 

M. Plamondoni69, M.-A. Pleier^^, E. Plotnikova^'', A. Poblaguev^^, S. Poddar^*'^, F. Podlyski^^, L. Poggioli"^^ 

D. Pohpi, M. Pohl49, G. Polesello"9a^ a. Policicchio^^'^'S^b^ A. Polini^O'^, J. PolF^ V. Polyclironakos^s, D. Pomeroy^^, 
K. Pommes^o, L. Pontecorvo^^^'', E.G. Pope^^, G.A. Popeneciu^'^'', D.S. Popovic^^'', A. Poppleton^*', 

X. Portell Bueso^o, G.E. Pospelov^^, S. Pospisil^^^, l.N. Potrap^^, C.J. Potter"9, C.T. Potter""^ G. Poulard^o, 
J. Poveda^^o, V. Pozdnyakov*^^, R. Prabhu'^'^, P. Pralavorio^^^ A. Prankol^ S. Prasad^", R. Pravahan^^, S. Prell^^^ 
K. Pretzl^^, D. Price^°, J. Price^^, L.E. Price^ D. Prieur^^a^ ^ Primavera'^^'', K. Prokofiev^o^, F. Prokoshin^^b^ 
S. Protopopescu^^, J. Proudfoot^, X. Prudent^^, M. Przybycien^^, H. Przysiezniak^, S. Psoroulas^^, E. Ptacek^-'^"'^ 

E. Pueschel^'', J. Purdham^^ M. Purohit^^.'^*', P. Puzo"^ Y. Pylypchenko^^ J. Qian^^, A. Quadt^^, D.R. Quarriel^ 
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